We wished to determine if the addition of a small dose of morphine (0.05 mgk[51) to a caudal solution of 0.25% bupivacaine could extend the duration of analgesia after major reconstructive penile surgery and also to measure the systemic absorption of morphine after caudal injection. Thirty children undergoing reconstructive penile surgery received a caudal injection of 0.25% bupivacaine O. 75 ml.k[51 with or without morphine 0.05 mgk[51. All patients awoke pain-free. but eight of the fifteen patients receiving bupivacaine alone required supplementary injections of opioid postoperatively. whereas none of the patients receiving the bupivacaine-morphine mixture required additional opioids. The incidence of side-effects was similar for the two groups.
Caudal analgesia with bupivacaine alone can provide analgesia for up to ten hours. I ,2 Caudal morphine lasts longer 2 ,3 but its use is associated with side-effects such as itching, pruritus and ventilatory depression. 4 A mixture of the two drugs in low doses (bupivacaine 0.125% and morphine 0.05 mg.kg -1), can provide superior analgesia to bupivacaine 0.125% alone after orchidopexy without increasing side-effects,5 but does not provide reliable analgesia after more major surgical procedures. Larger doses of morphine may provide more effective analgesia but are likely to produce unwanted side-effects. Higher concentrations of bupivacaine (0.25% or more) do not appear to offer any analgesic advantage over 0.125% bupivacaine when given alone,6,7 but the addition of a low dose of morphine is likely to improve the reliability and duration of analgesia. We therefore set out to determine if increasing the bupivacaine concentration to 0.25% while maintaining the morphine dose at 0.05 mg.kg -1 could provide adequate analgesia after major reconstructive penile surgery, and if this mixture had any advantages over 0.25% bupivacaine alone.
Morphine is substantially absorbed into the systemic circulation after epidural injection. We therefore wished in this study to measure the systemic absorption of morphine after a caudal injection and compare this with the duration of pain relief after reconstructive penile surgery.
METHODS
Following approval by the Hospital Ethical Committee and informed parental consent, we studied thirty healthy children, aged one to eight years old, having major reconstructive penile surgery. This excluded operations such as simple advancement of the urethral meatus or circumcision. The children were not premedicated, but EMLA cream was applied to the backs of both hands ninety minutes before surgery. Thiopentone 5 mg.kg -I, atropine 10 Jlg.kg -I and alcuronium 0.3 mg.kg-I were given intravenously at induction of anaesthesia, and following intubation the patients were ventilated to a normal end-tidal PC02 on a mixture of nitrous oxide, oxygen and enflurane. After induction of anaesthesia, but before surgery, a single 0.75 ml.kg -I caudal injection of either bupivacaine 0.25% plain or bupivacaine 0.25% plain with morphine 0.05 mg.kg -I was administered via a 20-gauge needle. The nature of the caudal solution was decided by random allocation and in each case the composition was known only to one person who was then excluded from further contact with the patient. Opioids were not given to any child either before or during surgery, excepting those who received morphine as a component of their caudal blocks. Six patients assigned to the bupivacaine and morphine group had blood samples taken at 5, 10, 20, 30, 60, 90, 120 and 180 minutes after the caudal injection. The samples were heparinised and kept on ice until the plasma could be separated. After centrifugation, the plasma was stored at -20'C and subsequently measured in duplicate for morphine concentration using a highly specific radioimmunoassay ('Coat-a-count' Diagnostics Products Corporation). The crossreactivity for the assay is quoted as 0.155% for morphine-6glucuronide and 0.025% for morphine-3glucuronide. A standard curve using control sera was measured to within 0.1 % of the claimed accuracy. The correlation co-efficient for the assay is 0.988, the lower limit of sensitivity of the assay is 0.6 nglml with a co-efficient of variation of 8.9% at 11 nglml, 3.6% at 42 nglml and 6.7% at 89 nglml.
The children were observed in the recovery ward for up to one hour after surgery and returned to the general ward on the orders of the recovery staff. The times of anaesthetic induction, the end of surgery and awakening after surgery (eyes open spontaneously) were recorded for each patient.
Postoperative analgesia was assessed by trained nurse observers who remained unaware of the composition of the caudal injection. The blood samples used for analysis of morphine concentrations were taken only from patients in the morphine group who were expected to have a long operative procedure (Duckett hypospadias repair). This allowed blood sampling to be completed before commencing pain assessments and maintained the double blind design of the trial. The observational scoring system (modified from Hannallah et al.),8 used by the observers had been described previously. 5 The pain score ranges between 0 and 10 and a total below 4 is taken as a measure of adequate analgesia. Pain assessments were recorded hourly for the first six hours and then three hourly for the remaining eighteen hours of the study.
Intramuscular nalbuphine 0.3 mg.kg -I or oral paracetamol 15 mg.kg -I was administered as the observers felt appropriate. They also recorded postoperative ventilatory rates every half-hour for six hours and then hourly overnight, and noted side-effects such as retching, vomiting, hiccoughs or pruritus.
Statistical significance for the nominal data was determined using the Fisher exact test or Chisquared analysis with the Yates correction. Parametric and non-parametric data were analysed using the Student's t-test and the Mann-Whitney U test respectively.
RESULTS
Thirty children were entered into the trial, of whom fifteen received caudal bupivacaine alone and fifteen received bupivacaine with morphine. The two treatment groups were matched for age, weight and duration of anaesthesia (Table 1) .
All children were awake within half an hour of the completion of surgery and were judged to be pain-free (pain score less than 4) at the end of the first postoperative hour. However, during the following 24 hours there was a decline in the number maintaining adequate analgesia in the absence of intramuscular nalbuphine (Figure 1) .
The decline was significantly greater in the bupivacaine alone group with only five children still maintaining adequate analgesia at 24 hours • -bupivacaine alone • -bupivacaine-morphine compared to eleven for the combined bupivacaine and morphine group. Nalbuphine was not given to any child within the first postoperative hour but four received nalbuphine within four hours and eight received nalbuphine within twelve hours. All eight patients were from the bupivacaine alone group. None of those who received the combined bupivacainemorphine caudals received intramuscular analgesia. The difference in analgesic requirement between the groups was statistically significant at the 0.5 level by four hours and at the 0.01 level by 12 and 24 hours. Three children required second injections of nalbuphine within the 24 hour study period when the analgesia from the first injection wore off bringing the total number of intramuscular administrations of. nalbuphine to eleven for the fifteen patients in the bupivacaine alone group (Figure 2 ).
The number of administrations of oral paracetamol was similar for the two groups, with five administrations of paracetamol in the bupivacaine alone group and three in the bupivacaine and morphine group during the first 24 hours. Some of these children continued to require oral paracetamol after the end of the study, but as many ofthese patients were discharged home at 24 hours after surgery, further evaluations of analgesic requirements were subjective and uncontrolled.
The times from the end of surgery to spontaneous opening of the eyes were similar for the two groups as was the incidence of nausea and vomiting ( Table 2) .
Three children in the bupivacaine alone group and four in the bupivacaine and morphine group had three or more episodes of vomiting in 24 hours. The pattern of vomiting was similar, and episodes of vomiting were recorded up to twelve hours after anaesthesia for both groups even in individuals who had not received opioids. Two children who had been given caudal morphine were noted to have pruritus, but this did not appear to cause distress and no treatment was given. The majority of children in this study had urinary catheters and assessment of bladder function was not possible. Clinically detectable ventilatory depression was not seen in this study: mean ventilatory rates recorded by the nursing staff were 24.2 (± 4.3) breaths per minute for the bupivacaine alone groups and 23.4 ( ± 3.7) breaths per minute for the bupivacaine and morphine group. The oxygen saturation monitor connected overnight to each child did not alarm due to low saturation (alarm set to 85% saturation).
The mean plasma concentration of morphine rose after caudal injection to reach a peak of 21.2 ( ± 4.8) ng.ml-1 at ten minutes and fell to 4.1 ( ± 2.6) ng.ml-1 by three hours (Figure 3 ).
DISCUSSION
Correctly placed caudal blocks in children can fail to provide complete postoperative analgesia if the volume injected is insufficient, if the efficacy of the injected agent is inadequate or if the painful stimulus outlasts the caudal injection. Single caudal injections of 0.125% or 0.25% bupivacaine fail to provide complete analgesia after reconstructive penile surgery because the duration of the conduction block is too short. All the children in this study were judged to be pain-free in the first postoperative hour, indicating that the volume and initial potency of the injected agents were sufficient for both groups. However, the addition of morphine 0.05 mg.kg-I substantially improved the duration of analgesia of 0.25% bupivacaine. The duration of analgesia is longer than one would expect from a similar dose of intramuscular morphine, and suggests that the improved analgesia is due to a direct effect of morphine on the spinal cord.
The values of plasma morphine in this study are similar to those reported by Attia et a/. 9 in which they gave an epidural injection with the same total amount of morphine but in a much smaller volume. It is therefore likely that, as in adults, the absorption of morphine from the epidural space is dependent on the dose of agent and relatively independent of the volume used. The plasma concentrations of morphine measured in this study are low compared with the levels normally associated with systemic analgesia. A paediatric study using continuous infusions of morphine on postoperative patients reported that levels of 12 ng.ml-1 or higher are required for analgesia. IQ Similarly an adult study by Dahlstrom using patient-controlled analgesia indicated that plasma levels of 16 ng.ml-1 or higher were required for analgesia. II In our present study the mean plasma level of morphine at three hours was only 4.1 ng.ml-1 and the highest level for any patient was 7.2 ng.ml-1. Systemic absorption is therefore unlikely to account for the long-lasting effect of the bupivacaine/morphine mixture and would confirm the view that the enhanced duration of analgesia is due to a direct effect of morphine on the spinal cord.
The combination of bupivacaine and morphine in epidural analgesia seems beneficial. Bupivacaine rapidly blocks afferent pain fibres and can obtund the haemodynamic responses to surgical stimulation, reducing the anaesthetic requirements and allowing early recovery.I2 In the immediate postoperative period, the local anaesthetic still provides adequate pain relief but the addition of spinaUy acting morphine results in prolonged analgesia after the subsequent analgesia will then depend on a balance between the decline of the painful stimulus and the offset of analgesia from the caudal morphine.
It was impossible to estimate how long the bupivacaine/morphine mixture lasted as none of the children in this group required additional intramuscular analgesia.
Although this mixture was adequate for reconstructive penile surgery, we have found it inadequate for operations such as ureteric reimplantation because bladder spasm may continue postoperatively for several days. Other studies with caudal morphine have used repeated doses to extend the duration of analgesia beyond 24 hours but although effective analgesia can be achieved, side-effects such as itching, nausea and vomiting can be troublesome. I3 . I4
The technique described in this study can produce extended analgesia from a single dose caudal injection without incurring the penalty of additional side-effects. All children were monitored for ventilatory depression by both intermittent direct observation and continuous pulse oximetry. To minimise the risks of postoperative ventilatory depression, the children in this study received no premedication, had light general anaesthesia without additional opioids and were prescribed a partial agonist opioid for supplemental analgesia. We believe that when using a single-dose technique for morphine as described, special monitoring can be discontinued after six hours, providing the child has shown no signs of excessive sedation within the preceding six hours, and that nursing supervision should continue for a total of twelve hours after the injection.
